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STUDIES IN FOREST ECOLOGY
 
II. The Ecological Significance of Tsuga Canadensis in Indiana 
By RAY C. FRIESNER AND]. E. POTZGER 
INTRODUCTION 
The hemlock, Tsuga canadensis, exhibits a very disjunct distribution 
in Ohio, Indiana, Illinois, Michigan, Wisconsin and other parts of the 
western and southern limits of its range. In Indiana and parts of its 
range farther northwest it is usually limited to steep slopes, canyon 
walls and deep ravines, though in some stations in Indiana, such as at 
Turkey Run, in Parke county, and Pine Hills, in Montgomery county, 
it occurs on plateau tops and stream terraces. 
In Michigan it is a dominant tree in the hardwoods areas but always 
in more or less isolated groups or "islands," surrounded by broad-leaved 
trees. Occasionally it invades low ground along lakes and edges of 
swamps, but is more characteristically found in the upland areas. Even 
there it does not reproduce itself except in rare cases, and tben it usually 
forms a dense consociation in "island-like" isolation. 
Such a disconnected distribution must indicate either one or the other 
of two distributional alternatives. These isolated hemlock communities 
represent either (1) outposts of a present invasion from the east and 
northeast, or else (2) "rear-guards" or "relicts" of a retreating species 
wbicb was pushed from the northeast du ring the glacial period. Distri­
bution alone would seem to favor the latter alternative, since pioneers 
of an invading species usually have a more nearly continuous distribu­
tion. Physical data thus far obtained from Indiana stations also seem to 
favor the latter alternative, because from the standpoint of soil mois­
tme, soil temperature and evaporation, the hemlocks have been shown 
(2) to be growing under conditions more rigorous than those under 
which its competitors, the beech and maple, are growing. That is to 
say, the hemlock is growing in Indiana where it is, not because its 
present habitats here are best suited for it, but because it can tolerate 
conditions less favorable to its growth much more successfully than its 
broad-leaved neighbors. 
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TABLE I 
GROWTH \'lATER IN BEECH-MAPLE AND HEMLOCK ASSOClATlONS, 
TREVLAC STATWNS, SEASON 1930 
3-INCR SOILS 6-INCH SOILS 
Week Hemlock BeecJ\-Maple Hemlock Beech·Ma.ple Hemlock Goech.Maple 
5- 3 x x x x x x 
x x X x 
SURF-KE Son.s 
5-10 x x 
5-17 x x x x x x 
x x X x5-24 x x 
5-31 x x x x X x 
tl ~- 7 x x x x x X 
0-14 x x x x X X 
6-21 x X x x X X y 
X X x x X XIi-n 
x X1- 5 X X 
X x x 
7-19 x 
7-26 
8- 2 
7-1Z 
8­ ~ x 
13-16­ x x 
8-23 
8-30 
9­ 6 
9-13 x x X X 
9-20 x: X x x x x 
Cl-27 x X X 
Weeks No Growth Water 
10 5 10 9 11 9 
Per Cent of Summer Without Growth Water 
45.45 22.72 45.45 40.90 50.0 40.90 
Turkey Run (1) 
50.0 0.0 60.0 0.0 60.0 0.0 
PHYSICAL FACTORS OF ENVIRONMENT 
From Table I it will be noted that, for the season of 1930, absence 
of growth water, i. e., time when total soil moisture falls below the wilt­
ing coefficient, occurs at all soil depths for a greater percentage of the 
summer in hemlock associations than in beech-maple associations. The 
difference is greater in the surface soils than in three- and six-inch soils. 
Similar results, except even greater difference, were obtained by Dauben­
mire (1) at Turkey Run for the 1929 season. The point of .importance 
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on the present problem is that hemlocks are growing under more rigor­
ous conditions than the beech and maple. It may be argued that this 
difference is due to the hemlock and not vice versa. But the same con­
ditions, and even more marked, are to be found where the seedlings are 
growing (2) and hefore they have had a chance to affect their environ­
ment. Even though it is probably true that the mature hemlocks partly 
account for their own more rigorous habitat, i. e., their superficial root 
system inhibits penetration of water to greater soil depths, it is none 
the less certainly true that they are living in an environment more rigor­
ous than their beech-maple neighbors. 
In a previous paper (2) (Plate IV) we have shown that tbere is a 
greater difference between temperatures three inches below the surface 
of the soil and thirty-six inche~ahove the soil surface where hemlock 
seedlings are inhibited by other factors than where they are growing. 
This means that the hemlock seedlings are growing in habitats subject 
to greater soil temperature fluctuations and hence in more rigorous habi­
tats. It will be found that the soil temperature fluctuations (comparison 
of Curves Band C of Plate IV of our above cited paper (2» of more 
mature hemlock stands are less than in beech-maple, but this difference 
is of little consequence in mature stands, because seedling establishment 
is of vital importance to the perpetuation of any species without vege­
tative means of reproduction. 
Evaporation studies (2), (1) show that there is greater water loss in 
mature hemlock stands than in beech-maple stands. They also show 
that there is generally greater water loss where seedlings are growing 
than where the seedlings are inhibited by other environmental factors. 
The conclusion is again apparent that hemlocks, whether it be seedlings 
or mature stands, occupy more rigorous habitats than beecb-maple 
stands. 
Physiographically, hemlocks are usually limited (in Indiana) to steep 
slopes and canyon rims, or, if they do occasionally occur on the plateau 
tops or level terraces, they occur where the soil is very poor and dry. 
In summarizing physical features of their environment it should be 
noted that from every standpoint the hemlock is growing under more 
rigorous environmental conditions than the beech-maple. Such facts 
favor the conclusion that the hemlock in Indiana is growing in isolated 
places, even though less favorable than where the species reaches its 
climax, which it can tolerate and where it can compete with its broad­
leaved competitors, i. e., it is all but crowded out and is making "last 
stand" existence in these disconnected areas. 
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CLIMAX CONDITIONS 
According to Weaver and Clements (4), hemloc'k forms a part of the 
Lake-forest or Pinus-Tsuga formation which is the climatic climax for 
considerable territory in northeastern United Stales. 
Hemlock can hardly be considered a climatic codominant with beech 
and maple, with which it is associated in all of its Indiana stations, 
because they do not belong to the same life form, i. e., while hemlock is 
perhaps more mesophytic than any other conifer, its presence as a cli­
matic climax indicates colder winters and shorter summers than is indi­
cated by deciduous forests as climatic climaxes. 
Wbile hemlock is somewhat more xerophytic than beech-maple, both 
in regard to evaporation (Moore, et at. (3), Daubenmire (1). and Fries­
ner and Potzger (2)) and in regard io soil moisture (Daubenmire (1) 
and Friesner and Pot7.ger (2)), yet it more nearly approaches beech­ l! 
maple in its water requirements than any other conifer does. The most 
obvious conclusion to be reached when due consideration is given to the 
environmental details of its local habitats and to the plants associated 
with it in each of its stations is that hemlock in Indiana represents relict 
communities of a former hemlock climatic climax. But it now represents 
only environmental climaxes in tbe particular stations where they are 
found. That is to say, the general climate of this region has changed f 
sufficiently since the retreat of the glacier that hemlock as a climatic 
climax has given way to beech-maple, which is the present climatic 
climax of a less rigorous climate. At the same time, isolated habitats 
I 
~ 
sucb as are now occupied by the hemlock sufficiently approach the 
former conditions that hemlock remains as local environmental climax 
communities where it can successfully compete with beech-maple. 
SUMMARY 
Tsuga (a'nadertsis in Indiana is considered to be a relict or local 
edaphic climax of a former climatic climax because 
(1) Its dis.iunct and "island-like" distribution cannot otherwise be 
explained. 
(2) The habitats in which it occurs are more rigorous than those of 
the beech-maple which is the present climatic climax association, indi­
cating that the hemlock is maintaining itself only under those environ­
mental conditions which are slightly less favorable than the habitats 
occupied by the present climax association. 
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